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Abstract

This paper presents Lockify, a novel distributed lock man-
ager (DLM) for shared-disk file systems. Our key ob-
servation in shared-storage scenarios is that, for file or
directory creation, lock acquisition overhead in the Linux
kernel DLM increases with the number of clients, even
in low-contention scenarios. Lockify minimizes this lock
acquisition latency by avoiding unnecessary communi-
cation with remote directory nodes through self-owner
notifications and asynchronous ownership management.
We implement Lockify in the Linux kernel and evaluate
its performance on real-world workloads using two repre-
sentative shared-disk file systems, GFS2 and OCFS2. Our
experimental results demonstrate that Lockify improves
overall throughput by ~6.4x compared to the kernel
DLM and O2CB, consistently across different numbers
of clients.

1 Introduction

Storage disaggregation has attracted significant attention
in cloud datacenters for its ability to manage storage
resources elastically through remote storage access tech-
nologies like NVMe-over-Fabrics (NVMe-oF) [6,23,24,
28,38]. These technologies enable efficient and flexible
resource utilization across various services, including
databases [8,22,25], storage sharing [29, 34], and high-
availability systems [32,36,37]. To support these services,
cloud providers deploy shared-disk file systems such as
GFS2 [41], OCFS2 [19], and VMES [30], which allow
multiple clients to access shared storage simultaneously
through a distributed lock manager (DLM) to coordinate
locks across clients.

Distributed locks in these file systems can degrade
overall performance under high lock contention. Hence,
they are typically used in scenarios where contention is
well-managed. For example, in high-availability systems,
storage is shared between a primary node and backup

nodes, allowing services to be seamlessly migrated to
backup nodes in the event of a system failure. However,
during normal operation, only the primary node actively
requires locks [32,36,37]. Given this, previous studies
report that 76.1%—-97.1% of files are rarely accessed by
more than one client [29]. Therefore, DLMs are expected
to be effective and avoid lock contention. However, our
measurements reveal that it often degrades file system
performance even in low-contention scenarios (§3). Our
key observations are:

Limited scalability. Shared-disk file systems face scala-
bility challenges under workloads that frequently create
files and directories, even though they scale well for other
normal I/O operations. This limitation persists even when
only a single client is active among multiple clients.

Bottlenecks in DLM operations. The bottleneck origi-
nates from DLM operations: before creating new files
or directories, the DLM must look up and access the
lock-owner node to acquire the necessary locks. This
process introduces communication latency across clients,
creating a performance bottleneck.

We confirm that these performance issues occur across
different DLM designs (e.g., Linux kernel DLM [1] and
O2CB [7]), as DLMs manage lock-owner nodes in a
distributed manner.

This paper presents Lockify, a novel distributed lock
manager for shared-disk file systems. While looking up
the owner node is a fundamental process in DLMs, our
key insight is that when creating new files or directories,
the node initiating the creation can designate itself as the
owner, rather than querying other nodes. Based on this
insight, Lockify introduces two novel mechanisms: self-
owner notification and asynchronous ownership manage-
ment. Self-owner notification allows a node that creates
files or directories to immediately declare their ownership.
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Figure 1: DLM operation example for shared file I/0.
Note that when creating files or directories, the directory
node assigns the requester as the owner node since no
ownership exists yet, allowing steps 5 and 6 to be handled
locally on Node 2.

This mechanism notifies relevant nodes (e.g., the corre-
sponding directory node maintaining the owner-node list)
and acquires the lock instantly, eliminating the need to
wait for a response from the directory node (§4.1). To en-
sure that the directory node is correctly updated, Lockify
maintains a wait-list, enabling the node to resend the noti-
fication if a timer expires. This asynchronous ownership
management approach reduces communication latency
while preserving the consistency of shared-disk file sys-
tems (§4.3). We implement Lockify in the Linux kernel
and evaluate it using two representative shared-disk file
systems, GFS2 and OCFS2, under both low- and high-
contention scenarios. Experimental results demonstrate
that our simple approach significantly improves file sys-
tem throughput by ~6.4 x compared to existing DLMs
across microbenchmarks and real-world workloads (§5).

2 Background

This section provides key background on distributed lock
managers in shared and parallel file systems, and outlines
our target systems.

Linux kernel DLM. Linux provides an in-kernel DLM
service [1] for shared-disk file systems (e.g., GFS2,
OCFS2), cluster logical volume manager (LVM), and
cluster multi-device (MD). Shared-disk file systems rely
on this DLM to manage locks in a distributed manner
through “owner” and “directory” nodes. Each lock object
is assigned an owner node and a directory node. The di-
rectory node is determined based on a hash function and
tracks which node currently serves as the owner for each
lock object and helps route lock requests. The owner node
is responsible for granting access and revoking locks as
needed. Figure 1 illustrates a DLM operation example
where Node 2 acquires a lock on file ‘A’. Initially, Node
2 determines the appropriate directory node by hashing
the lock object’s name (step 2). It then asks the directory
node (Node 1) for the current owner of the lock object

(step 3). After looking up its lock table, the directory
sends a response (step 4), and then Node 2 requests and
acquires the lock from the owner node, Node 3 (steps
5-6). We note that when creating files or directories, no
ownership has been established yet. In such cases, the
directory node may assign the requesting node as the
owner node, allowing lock acquisition (steps 5—6) to be
handled locally (on Node 2).

Other DLM designs. In high-performance computing
(HPC) systems, file systems have introduced “client-
cache” to address the imbalance between high-speed
computation and relatively slower storage devices [14,
40]. Accordingly, parallel file systems (PFS) such as Clus-
tered XFS (CXFS) [20] and Lustre [4] employ DLMs
and owner nodes to ensure client-cache coherence un-
der high-contention workloads, with a focus on reducing
lock conflict resolution overhead [14, 17]. Some recent
studies [18,21,33,39,42] proposed to leverage hardware-
assisted solutions, such as Remote Direct Memory Ac-
cess (RDMA), to access shared objects in distributed
systems. In particular, recent DLM designs [21,42] incor-
porate one-sided RDMA to eliminate server-side CPU
involvement and enable CPU-efficient operations in high-
contention scenarios.

Target DLM. This paper focuses on fully distributed
DLMs, such as the Linux kernel DLM, which coordinate
lock management across client nodes in shared-disk file
systems. These DLMs avoid a single point of failure by
eliminating centralized metadata servers (e.g., directory
nodes) and can even bypass coordination overhead when
the local client holds lock ownership. However, as demon-
strated in §3, they often encounter scalability challenges
due to directory-node lookups. In contrast, centralized
architectures like Lustre [4] or Ceph [40] do not face this
specific challenge, as their design lacks distributed direc-
tory nodes entirely. While such systems may introduce
other scalability issues (e.g., single points of contention),
those are outside the scope of this work.

3 Motivation: Understanding Linux DLM
Overheads in Low-Contention Scenarios

This section presents the performance evaluation of the
Linux kernel DLM with two representative shared-disk
file systems, GFS2 and OCFS2, to examine how DLM
operations impact overall file system performance. While
we explore a range of workloads and contention configu-
rations in §5, this section focuses on a low-contention sce-
nario where a single active application process operates
among multiple clients (up to 5) sharing the same storage
via shared file systems. In our setup, each client con-
nects to a shared NVMe SSD via NVMe-over-TCP [10],
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Figure 2: GFS2 performance with the kernel DLM in
a low-contention scenario. (a) While file I/O through-
put remains almost unchanged regardless of the number
of clients, (b) directory and file creation operations are
significantly impacted, even when only a single client is
active.
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Figure 3: Latency breakdown for the 5-client case. All
DLM operations together contribute 47% of the total
latency overhead during directory creation in Figure 2.

and the kernel DLLM also communicates over TCP con-
nections. The active client then executes test workloads
involving 35,000 file or directory creations and 4KB (se-
quential and random) reads and writes for a 1GB file
using IOR [3]. Additional testbed configurations are de-
tailed in §5. We discuss key observations in the following
paragraphs.

Low contention does not always translate to high
throughput. Figure 2 presents the throughput of GFS2
with our test workloads as the number of clients increases,
with only a single active client running the IOR process
while the others remain idle. We observe that normal
file I/O operations, such as reads and writes, remain un-
affected by the number of clients (Figure 2(a)). This is
because I/O overhead is much higher than lock acqui-
sition overhead, as only one client requires locks. The
throughput of normal I/O operations is only affected in
scenarios with high-lock contention, which have been the
focus of previous studies [16,17,21]. In contrast, when
creating a large number of files or directories, throughput
drops significantly by up to 86%, even in the absence
of high lock contention, as shown in Figure 2(b). Our
latency breakdown analysis in Figure 3 reveals that, un-
der this workload, DLM operations (corresponding to
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Figure 4: PDF of lock acquisition time distribution.
As the number of clients increases, the probability of
assigning a remote directory node also increases, leading
to longer lock acquisition latency.
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Figure 5: OCFS2 with O2CB and the kernel DLM
performance. The performance trend is consistent with
Figure 2, showing lower throughput with more clients.

steps 2—6 in Figure 1) account for 47% of the total la-
tency, while the file system (create) operation contributes
the remaining 53%. The lock acquisition time, excluding
the communication latency with the directory node and
owner node, accounts for only 15%. This indicates that
the communication latency is the main bottleneck.

We note that this bottleneck can be mitigated when
fewer clients are present, increasing the likelihood that
the local node serves as the directory or owner node.
For example, in an extreme scenario where only a sin-
gle client exists, that client would always act as both
the directory node and the owner node for all newly cre-
ated files and directories, allowing lock acquisitions to
be handled locally. Figure 4 illustrates the PDF of lock
acquisition time distribution; in the single-client case,
lock acquisition latency consistently remains below 20us
while maintaining high throughput (as shown in Fig-
ure 2). However, as the number of client nodes increases,
the probability of the hashing function assigning a re-
mote client as the directory node also increases, leading
to longer lock acquisition latency and lower throughput.
This explains reason behind GFS2’s poor throughput in
low-contention scenarios.

Similar trends are observed across different file sys-
tems and DLMs. To verify that this phenomenon is not
specific to a particular file system-DLM combination
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(i.e., GFS2 with the kernel DLM), we run the same exper-
iments using OCFS2 with both O2CB (OCFS2’s native
DLM) and the kernel DLM, as shown in Figure 5. The
overall trend remains consistent with Figure 2; through-
put in the 5-client case is much lower than in the single-
client case for both directory and file creation.

We observe that O2CB performs significantly worse
than the kernel DLM in the 5-client case (Figures 5(a) and
(b)). The primary reason is that O2CB lacks a “directory
node” in its design. As a result, it must communicate
with all clients to determine the owner node for a new
lock object, whereas the kernel DLM requires at most a
single interaction with the corresponding directory node.
This additional communication overhead leads to lower
performance in workloads involving frequent directory
or file creation.

4 Lockify: Minimizing Lock Acquisition
Overheads

Based on the observations from §3, we introduce Lock-
ify, a simple yet effective approach to minimizing lock
acquisition overhead. Figure 6 provides an overview of
Lockify: since the DLM designates the creator of a new
file or directory as its initial owner, Lockify explicitly
declares self-ownership during create operations. The
notification and response exchange is then handled asyn-
chronously. We describe the three key components of
Lockify in the following subsections (§4.1-§4.3), fol-
lowed by case studies on DLM consistency (§4.4).

4.1 Self-Owner Notifications

Lockify introduces self-owner notification for file and
directory creation, leveraging the fact that the DLM does
not track the lock owner of non-existent files or direc-
tories. Therefore, Lockify notifies the directory node of
self-ownership rather than querying it (step 3 in Figure 6).
It then returns control to the file system immediately with-
out waiting for a confirmation from the directory node
(step 4). This mechanism eliminates DLM overhead by
allowing the node creating the file to declare the self-
ownership. Meanwhile, upon receiving the notification,
the directory node updates the lock-owner table and re-
sponds with a confirmation message (step 5). We note
that this approach bypasses table lookup overhead, mak-
ing it more CPU-efficient.

4.2 Extended Lock Acquisition Interface

Lockify is beneficial in scenarios where self-ownership
is applicable, particularly when a new lock object is initi-
ated by file or directory creation. For other operations, if
the file already exists, its ownership is likely already as-
signed, which necessitates a lookup to identify the owner.

@ Request a lock with
“NOTIFY” flag

@ Create a lock object
(Insert into Wait-list)

3 Send a self-owner
notification

@ Acquire the lock

(® Receive a confirmation
(Remove from Wait-list)

Shared FS |

| shared Fs

o] 1@

Standard
Path Lock-

oo owner
Wait-list @ ® b

BEEE— DLM

®

. : Confirmed I:‘ : Not confirmed

Figure 6: Lockify overview. When creating new files or
directories, the file system (Shared FS) can request a lock
with the NOTIFY flag enabled via the extended DLM
interface. It then acquires the lock immediately after
sending the self-owner notification to the corresponding
directory node. See §4 for more details.

Therefore, the standard lock acquisition steps need to
be followed. Nonetheless, the communication latency is
relatively small compared to I/O overhead (§3). Since file
systems have the necessary context to determine when
self-ownership applies, Lockify introduces an extended
lock acquisition interface with “NOTIFY” flag. Specifi-
cally, by using dlm_lock(..., NOTIFY), afile system
can explicitly inform the DLM that the lock request per-
tains to a newly created object (step 1 in Figure 6). This
approach minimizes the required modifications to file
systems. Without the NOTIFY flag, Lockify follows the
conventional procedure: it sends a request to the directory
node, following the standard path in Figure 6, which then
searches the lock-owner table to identify the owner node.

4.3 Asynchronous Ownership Manage-

ment

As explained above, Lockify receives an asynchronous
confirmation for the notification from the directory node.
While effective, Lockify still needs to ensure that the
directory node has been updated with the notification to
maintain DLM-level consistent lock ownership across
clients. To achieve this, Lockify introduces a wait-list,
where an entry is inserted for each lock request to track
whether a corresponding confirmation message has been
received (step 2 in Figure 6). If a confirmation is not re-
ceived within a specified time due to node or network fail-
ures, Lockify resends the notification to the correspond-
ing directory node. Once the confirmation is received, the
corresponding wait-list entry is removed (step 5). Note
that if another node takes over the role of the directory
node (e.g., due to node crash recovery or mount/unmount
operations), Lockify can resend any unconfirmed notifi-
cations to the new directory node (see §4.4). Furthermore,
this design does not compromise file system-level con-
sistency, as demonstrated in §5.4.
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4.4 Case Studies on DLM Consistency

This subsection examines how Lockify maintains DLM-
level consistency in crash recovery and lock contention
scenarios.

Crash recovery. Lockify extends the standard DLM re-
covery mechanism, where each client transmits owner-
ship information to newly reassigned directory nodes
after a crash. During recovery, Lockify also checks its
wait-list and resends any unconfirmed self-ownership no-
tifications to the new directory nodes. This design ensures
consistency without adding communication overhead be-
yond that of the standard DLM.

Parent directory lock contention. A non-trivial corner
case may arise when multiple clients (DLMs) simultane-
ously send self-owner notifications for the same object
name under a shared parent directory. In shared-disk file
systems, the parent directory must be exclusively locked
before creating any child entity. Accordingly, Lockify
assumes this lock is already held when initiating self-
ownership. To maintain consistency with standard DLM
behavior, Lockify releases the parent directory lock only
after both (1) the ownership update and (2) the corre-
sponding file operation (i.e., creating new child files or
directories) are complete. The key difference is that Lock-
ify executes these steps concurrently, performing the file
operation while the ownership update is still in progress.
This design introduces no further communication over-
head beyond that of the standard DLM.

5 Evaluation

We implement Lockify' in Linux kernel 6.6.23, on top of
the kernel DLM, and evaluate it against the vanilla kernel
DLM” using OCFS2 and GFS2 file systems with NVMe-
over-TCP [10]. We exclude O2CB since the kernel DLM
outperforms it with OCFS2 in our evaluation scenarios.
We also compare Lockify with NFS [35], which is a
widely used shared file system but operates independently
of DLM.

5.1 Evaluation Setup

Testbed setup. We use a 5-server testbed, as five servers
are sufficient to demonstrate our scalability problem.
Each server is equipped with dual Intel Xeon Gold
5115 (2.40GHz) CPUs with 20 cores per socket, hyper-
threading enabled, 64GB RAM, and a 250GB Samsung
970 EVO Plus NVMe SSD. All servers are connected
via 56Gbps links and run Ubuntu 18.04 (kernel 6.6.23).

'Our implementation is available at https://github. com/skk
u-syslab/lockify (see Appendix A for details).
2We refer to the kernel DLM as “DLM” in all evaluation figures.

NFS mmm  GFS2+DLM e=zm
OCFS2+DLM GFS2+Lockify ==
OCFS2+Lockify

NFS mmm  GFS2+DLM &=z
OCFS2+DLM GFS2+Lockify ==
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(a) Directory creation. (b) File creation.

Figure 7: Low-contention performance. While Lock-
ify does not provide any performance gain over the ker-
nel DLM in the 1-client case, it significantly improves
throughput in the 5-client case by eliminating bottle-
necks.

Unless stated otherwise, default system configurations
are used.

Workloads. For microbenchmarks, we use mdtest pro-
vided by IOR [5] to evaluate file system metadata perfor-
mance by creating a tree structure of files and directories.
Our mdtest workload generates a total of 35,000 files
and directories. To evaluate real-world workloads, we
use Postmark [26] and Filebench [2]. Postmark is widely
used to measure file system performance under e-mail
and web-based service workloads. Our Filebench tests in-
clude the fileserver and webproxy workloads, emulating
a broader range of real-world usage scenarios.

5.2 Microbenchmarks

This section extends the evaluation from §3 by incorpo-
rating Lockify, now considering two scenarios: (1) a low-
contention scenario, where only one client among multi-
ple clients runs the workload, and (2) a high-contention
scenario, where all clients run the same application work-
load concurrently under a shared parent directory.

Low-contention scenario. In Figure 7, we compare
mdtest throughput between the 1-client and 5-client cases.
Similar to Figure 2, the 1-client case represents the ideal
scenario, with no communication overhead, as the client
acts as both the directory and owner node for every lock
object. Consequently, Lockify provides no performance
gain in this case. In contrast, the 5-client case shows a
significant throughput drop for OCFS2 and GFS2 with
the kernel DLM due to high communication latency, as
revealed in Figure 3. By eliminating this overhead, Lock-
ify improves OCFS2 throughput by ~2.9x and GFS2
throughput by ~6.4 x, as shown in Figures 7(a) and 7(b).
We also observe that NFS shows distinctly different per-
formance characteristics compared to OCFS2 and GFS2,
achieving extremely low throughput. Since NFS follows
a client-server model, increasing the number of clients
does not impact its performance. However, it consistently
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Figure 8: High-contention performance. GFS2 imple-
ments an optimization that reduces the number of parent
directory lock acquisitions, enabling Lockify to further
improve throughput via self-owner notifications.

shows low throughput, even in the 1-client case, indicat-
ing that file system-side overhead is the dominant factor.

High-contention scenario. To evaluate Lockify’s effec-
tiveness under high-contention, each of the 5 clients runs
the mdtest workload, with all clients creating files and
directories under the same parent directory. Unlike in low-
contention scenarios, this setup further increases com-
munication overhead due to frequent parent directory
lock acquisitions. Since ownership of the parent direc-
tory lock is already assigned, Lockify cannot mitigate
this overhead. As a result, in Figure 8, we observe that
Lockify provides only a minor throughput improvement
for OCFS2 (1.09-1.11 x). This is because, even though
Lockify reduces lock acquisition overhead for new files
and directories, the owner identification process for the
parent directory remains a major bottleneck.

On the other hand, Lockify significantly improves
GFS2 throughput, achieving 5.2x and 5.4x speedups
for directory and file creations, respectively (Figure 8).
This improvement is due to GFS2’s optimization: GFS2
maintains an internal queue for lock requests and checks
for duplicate requests before issuing a new one. There-
fore, if clients concurrently request a lock for the same
parent directory, communication with the owner node is
significantly reduced. At the same time, Lockify contin-
ues to minimize lock acquisition overhead for new files
and directories.

Latency overhead. To understand Lockify’s throughput
gains, we compare DLM-side and file system-side laten-
cies in the low-contention scenario, as shown in Figure 9.
We evaluate three configurations: GFS2 (1 client), GFS2
(5 clients), and GFS2 with Lockify (5 clients). Similar
to the throughput results, the GFS2 (1-client) case repre-
sents the performance upper bound, where DLM latency
accounts for only 4.4% of total latency. However, with
5 clients, the DLM latency jumps to 46.7%, leading to a
significant drop in overall performance. Lockify reduces
this DLM latency to 8%, nearly matching the single-

DLM =—=J FS ==

GFS2+DLM(1 client)

GFS2+DLM(5 clients)

GFS2+Lockify(5 clients) | |

0% 20% 40% 60% 80% 100%

Latency overhead

Figure 9: Latency overhead comparison: DLM vs. File
System. Lockify effectively reduces DLM-side latency in
the 5-client case, approaching the ideal 1-client scenario.

client baseline, leading to a substantial increase in total
throughput. This result also indicates that Lockify’s wait-
list incurs negligible overhead—comparable to the GFS2
(1-client) case, where no wait-list is maintained. Impor-
tantly, this is observed under a stress scenario involving
35,000 file and directory creations, confirming that wait-
list maintenance does not introduce measurable penalty.
Lastly, we note that the evaluation was conducted without
background network traffic. Under network congestion,
the kernel DLM’s communication latency would likely
increase, further degrading its performance. In contrast,
Lockify is less sensitive to such congestion, as it can pro-
ceed with file system operations while asynchronously
awaiting confirmation.

5.3 Real-world Workloads

This subsection evaluates Lockify using real-world work-
loads for 1-client and 5-client cases. Following common
low-contention scenarios observed in real-world deploy-
ments (§1), we configure one active client to run the
workload, while the others remain idle.

Postmark. Our Postmark configuration consists of 500
files, with file sizes ranging from 1KB to 4KB, and a total
of 500,000 transactions to simulate a realistic workload.
Figure 10(a) presents the throughput of the active client,
which aligns with our microbenchmark results (§5.2).
In the 5-client case, Lockify improves throughput by
1.7x for OCFS2 and 2.0x for GFS2, compared to the
kernel DLM, while achieving 93-96% of the ideal 1-
client throughput.

Filebench. Our Filebench configuration incorporates two
representative workloads: fileserver and webproxy. The
fileserver workload generates 10,000 files within direc-
tories, each containing an average of 20 entries. File
sizes follow a gamma distribution with a 128KB mean.
We use 50 threads, with each I/O operation handling
IMB of data and append operations averaging 16KB.
The webproxy workload performs file creation, modifica-
tion, deletion, as well as reading and logging. Our setup
includes 10,000 files distributed across a directory struc-

696 24th USENIX Conference on File and Storage Technologies

USENIX Association



OCFS2+Lockify

NFS o
OCFS2+DLM GFS2+DLM == GFS2+Lockify ==

=)

1S]
=)
=3

=)
3
@
S

@
3
-3
=3

a
S

Throughput (kops/s)
s
5

Throughput (KTPS)
N
Throughput (kops/s)

n
o oS

N
o o

(a) Postmark. (b) Fileserver. (c) Webproxy.

Figure 10: Performance with real-world workloads. In
the 5 client cases, Lockify consistently improves through-
put over the kernel DLM, achieving performance compa-
rable to the ideal 1-client throughput.

ture with an average width of 1,000,000 and a mean file
size of 16KB. We use 100 threads, with a mean 1/O size
of 16KB and an overall I/O size of 1MB, which are the
default settings in Filebench.

Figure 10(b) presents the fileserver throughput. While
this workload primarily consists of file I/Os, where DLM
communication overhead is masked by high I/O over-
head, the results show that Lockify still achieves 1.07—
1.14x throughput improvements over the kernel DLM
for OCFS2 and GFS2 in the 5-client case. In contrast, as
shown in Figure 10(c), Lockify significantly improves
GFS2 throughput by 2.5x compared to the kernel DLM,
while its throughput gains on OCFS2 are relatively mod-
est (1.08 x improvement), indicating a need for further
file system-level optimizations.

5.4 Crash Consistency Tests

Xfstests [12] is a file system testing suite used to eval-
uate stability and compliance. Following the approach
in [13, 15, 27], we conduct 75 generic tests suggested
for NFS [11] on GFS2 and OCFS2, using both the ker-
nel DLM and Lockify. Our results show that GFS2 with
DLM passes 70 out of 75 tests, while GFS2 with Lockify
achieves the same results. Similarly, OCFS2 produces
identical results for both DLM and Lockify, passing 67
out of 75 tests. These results confirm that Lockify’s in-
tegration does not negatively impact compliance with
shared-disk file system standards.

5.5 Comparison with RDMA-based DLM

Finally, this subsection presents an indirect comparison
using an emulated RDMA-based DLM with NVMe-over-
RDMA [9]. Since an RDMA-based kernel DLM imple-
mentation is currently unavailable, we emulate it by run-
ning the kernel DLM in a single-client scenario with
no communication latency, assuming RDMA latency re-
mains below 1us in low-contention scenarios [31]. In
addition, storage is connected via NVMe-over-RDMA
to ensure a fair comparison between TCP- and RDMA-

DLM over RDMA Lockify o= DLM over RDMA Lockify o
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Figure 11: Comparison with RDMA-based DLM. The
results show that Lockify achieves performance compa-
rable to the RDMA-based DLM.

based solutions. The goal of this indirect comparison is to
evaluate how well Lockify bridges the performance gap
with recent hardware-assisted solutions [16,21,39,42],
even though Lockify is primarily designed for cluster
environments where TCP is the only available option for
network communication.

We repeat the low-contention scenario from Figure 7
using mdtest, which involves creating a large number
of directories and files, and compare Lockify (5-client
case) with the emulated RDMA-based DLM (DLM over
RDMA) on both OCFS2 and GFS2, as shown in Fig-
ure | 1. Overall, Lockify achieves 87-88% of DLM-over-
RDMA throughput across all results, demonstrating that
Lockify delivers performance comparable to an RDMA-
based solution, without specialized hardware support.

6 Conclusion

This paper presents Lockify, a novel DLM for shared-
disk file systems. Based on the observation that exist-
ing DLMs suffer from high lock acquisition overhead
even in low-contention scenarios, Lockify minimizes
lock acquisition latency by avoiding unnecessary com-
munication with remote nodes. The evaluation results
from our Linux kernel implementation show that Lock-
ify improves overall throughput by ~6.4x compared to
existing DLMs across microbenchmarks and real-world
workloads, while achieving performance comparable to
an RDMA-based solution.
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A Artifact Appendix

Abstract

This artifact package provides all necessary components
to reproduce the evaluation results of Lockify. It includes
the Lockify prototype implemented in the Linux kernel,
modifications to the GFS2 and OCFS2 file systems to
support Lockify, and a comprehensive set of scripts for
automating the experiments.

Scope

This artifact enables reproduction of the key results pre-
sented in both the Motivation and Evaluation sections,
focusing on evaluating the GFS2 and OCFS?2 file sys-
tems under different DLM modules, including the kernel
DLM, O2CB, and Lockify, as described in §3 and §5:

* Motivation (Figures 2, 4, and 5): IOR throughput
results and kernel trace—based analysis that illustrate
the scalability challenge in shared-disk file systems.

* Evaluation (Figures 7, 8, 9, and 10): Microbench-
marks and real-world workloads using the provided
mdtest, Postmark, and Filebench scripts, demonstrat-
ing Lockify’s effectiveness.

We note that the artifact also includes scripts for NFS, as
it is evaluated in §5 for comparison.

Contents

The artifact repository includes the following compo-
nents:

* README.md: Provides detailed instructions for con-
figuring the Linux kernel, shared-disk file systems,
and NVMe-over-TCP. Users may adapt these con-
figurations to their own testbed environments.

» fs/: Contains the Lockify implementation (d1m/)
and small modifications to GFS2 (gfs2/) and

OCFS2 (ocfs2/).

¢ include/: Contains modifications to Linux kernel
header files required for the Lockify implementa-
tion.

» fast26ae/: Includes scripts and instructions for
reproducing the key results in the paper. Users can
refer to fast26ae/README . md.

Hosting
The complete artifact is hosted on GitHub:

* Repository: https://github.com/skku-sys
lab/lockify

¢ Branch: main
¢ Commit version: 2447e2f

We recommend using the latest commit, as future updates
or bug fixes may be applied.

Requirements

This artifact has the following requirements:

* Linux kernel 6.6.23: The artifact relies on Linux
kernel version 6.6.23. Applying it to other kernel
versions may require additional porting effort.

* Shared storage: All nodes must have access to a
shared storage device over the network, such as via
NVMe-over-TCP, iSCSI, or other similar protocols.

e Multi-node setup: To evaluate Lockify’s effective-
ness, at least two network-connected nodes are re-
quired. A single-node setup does not reproduce the
scalability issues discussed in the paper (e.g., Fig-
ure 4) and thus cannot demonstrate the benefits of
Lockify.
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